Background: Assessment of the current situation is crucial before introducing innovative infection prevention measures. According to the literature, hospital managers should take on the role of "power promoters" in adopting infection prevention measures due to their position and decision-making authority. However, there is no empirical evidence for whether or not this assumption is valid. This paper reports German hospital managers' perceptions of current challenges in infection prevention and control and innovative prevention measures. We analysed the managerial promoters and barriers of adopting innovations in order to derive recommendations for improving the innovation process in hospitals using the novel AHOI-approach to actively involve patients and their relatives in anti-infection measures. Methods: All 3877 medical, nursing and administrative managers of German hospitals were invited to participate in an online survey. The first set of questions intended to determine their perception of problems of hygiene management in their institution and in particular in the interaction with patients and their relatives. The second set of questions was asked to identify potential challenges and barriers to combating nosocomial infections and involving patients and their relatives in infection prevention. Results: Two hundred six managers from German hospitals participated in the survey. Transmission of pathogens was seen as the main problem in the inpatient area, especially in acute care hospitals and stationary geriatric care. Barriers to the implementation of novel infection prevention concepts were primarily perceived as lack of time and refinancing by health insurance providers. The surveyed hospital managers assessed that the active involvement of patients and their relatives in infection prevention could strengthen the infection prevention of their institution. Conclusions: Hospital managers are open to innovative hygiene interventions. In particular, they welcome the active involvement of patients and their relatives in infection prevention. Therefore, financial and institutional barriers, such as insufficient funding of hygiene management, must be overcome.
Introduction
Hygiene and infection control are essential elements of a hospital's quality management system and must be kept up to date, which requires constant innovation [1] [2] [3] . According to the promoter model of the theory of innovation, at least two different key persons must exist to advance and implement innovations in an organization [4] : the professional promoter, who overcomes the barrier of "not knowing" the innovative approach, and the power promoter who helps to overcome the barrier of "not wanting" within the organization [5, 6] . While infection prevention and control specialists serve as professional promoters, hospital managers are supposed to serve as power promotors.
In Germany, hospital managers are legally responsible for the design and implementation of infection prevention measures ( § 135a German Social Code (SGB) V, § 23 Infection Control Act (IfSG)) as part of the quality management system [7, 8] . Therefore, the medical, nursing and administrative managers are natural members of the hospital's hygiene board to promote up-to date infection improvement measures [1, 9] .
As power promoters, hospital managers must analyse the existing situation, compare it with their institutional goal system, analyse pros and cons of alternative solutions, and enforce the adoption of innovations if they realize that the innovative approach produces better results, making the investment worthwhile.
However, little is known about the perceived relevance of nosocomial epidemiology and perceived barriers to implementing infection prevention and control measures by hospital managers. This applies to measures of the standard model of infection prevention, which mainly focusses on changing the behaviour of medical and nursing staff to prevent nosocomial infections, it applies even more for the novel concept of actively involving patients and their relatives in the prevention of infection in healthcare institutions [10, 11] .
Therefore, the aim of this study was to close this research gap by evaluating the assessment of the hygiene situation in German hospitals and the approach of active involvement of patients and their relatives in hospital hygiene by German hospital managers. The results were used to analyse and assess the status quo of infection prevention strategies and related healthcare challenges from the perspective of the power promoters, who play a key role in the adoption of innovative prevention approaches.
Methods
Our approach is based on the assumption that innovations in hospitals, especially in hygiene management, depend on fulfilling three requirements. First, leaders need to identify the problem that the innovation is intended to overcome. Second, the willingness of leaders to take leadership in the innovation process must exist. Third, they must estimate the costs and compare them with the benefits of innovation [5] . The aim of this survey, which was part of the project "AHOI -Patients on Board" (Activation of patients, people in need of care and care-providers for a Hygiene-conscious participatiOn in Infection prevention), was to assess the perception of problems of hygiene management in German hospitals and in particular regarding the interaction with patients and their relatives. In addition, this study aimed to identify potential challenges and barriers to combating nosocomial infections and to the integration of patients and their relative in infection prevention. In the project "AHOI -Patients on Board", patients and their relatives are systematically involved in infection prevention. This project is based at the Institute for Hygiene and Environmental Medicine of the University Medicine Greifswald.
Questionnaire design
The development of the questionnaire followed a three step-approach: First, interviews with three key experts in the field of hygiene management were conducted. The interviews were based on a semistructured interview guide. Second, based on the interviews, a questionnaire was developed and afterwards tested and validated in nine further interviews with healthcare managers. Third, after completing the interviews and further developing the questionnaire, the questionnaire was finalized.
Questionnaire structure
The questionnaire was divided into the following topics: 1) general information about the hospital and the interview partner, 2) experience in infection prevention and control management, 3) assessment of the hygiene situation, 4) importance of patients and their relatives for the hygiene process, and 5) efficiency, effectiveness and willingness to change the hygiene management. Each of these topics consisted of several items. The questionnaire contained only closed questions with nominal (e.g., "yes" or "no") and ordinal Likert scales (four-level, fivelevel and ten-level rating scales). For one question, multiple answers were possible, otherwise only one answer was allowed.
Conducting the survey
The aim was to give all German hospital managers (medical, administrative and nursing manager) the opportunity to participate in this survey. For this purpose, an online survey with the evaluation and survey software EvaSys (Electric Paper Evaluationssysteme GmbH), under the premise of effectiveness and conservation of resources, was chosen as the survey tool. The invitation to participate in the survey and the link to the online survey were sent to all e-mail addresses of German hospital administrators available at www.german-hospital-directory.com (status as of June 2018). As assured in the cover letter, participation was anonymous and voluntary. The survey period was 6 weeks, from 25 July 2018 to 5 September 2018.
Data analysis
The statistics software IBM SPSS Statistics 25 and MS Office Excel 2016 were used for statistical analysis. Methods of descriptive statistics such as mean value (MV), standard deviation (SD) and 95% confidence interval (CI) helped to describe the data. In addition, correlation analyses, depending on the scale level of variables, were performed, such as Cramer's V and Spearman's rank correlation. Furthermore, nonparametric tests (Kruskal-Wallis and Dunn-Bonferroni's post hoc tests) were carried out. A significance level of 5% (p = 0.05) was assumed for all data analyses in this study.
Results

Response rate and sample description
Of the 3877 hospital managers asked to participate, 206 completed the online survey. This corresponds to a return rate of 5.3%. The sample consisted of 124 men (63.3%) and 71 women (36.7%). The age structure of the respondents is shown in Table 1 . Eighty-three participants (42.2%) were between the ages of 56 and 65. The second-largest age group, with 77 participates (39.8%), was 46-to 55-year-olds.
Broken down by profession, 75 (36.4%) medical managers, 91 (44.2%) nursing managers and 29 (14.1%) administrative managers participated in the study. Eleven (5.3%) respondents did not state their position at the hospital. The distribution of the sample by numbers of beds shows that the largest group of managers (n = 82; 39.8%) led a hospital between 150 and 399 beds ( Table 2) .
Responsibility of hygiene management
One hundred thirty-four (65.0%) managers were responsible for the hygiene management of their hospital. Seventy-one of 75 (94.7%) medical managers reported being responsible for the hygiene management of their institution. Thirty-eight of 91 (41.8%) nursing managers and 16 of 29 (55.2%) administrative managers reported being responsible for the hygiene management of their institution. Based on a scale of ten, participants were asked to assess their own level of knowledge in hygiene management (from 1 "no knowledge" to 10 "extensive knowledge"). On average, medical managers rated their knowledge of hygiene management as highest (MV = 7.99, 95% CI 7.60-8.37), followed by nursing managers (MV = 7.90, 95% CI 7.52-8.28) and administrative managers (MV = 7.28, 95% CI 6.52-8.04).
Participation in hygiene training
Regarding participation in hygiene training, 70 (36.1%) hospital managers indicated that they attend more than once a year. Seventy-four (38.1%) respondents participated annually, 41 (21.1%) participated every two to five years and 9 (4.6%) did not participate in any hygiene training. The frequency of participation in hygiene trainings by managerial position shows that almost half of the administrative management (14/29 participants) said they never or rarely attended hygiene training (Fig. 1) . Fifty-seven of 75 (76%) of the medical managers said that they attended hygiene training at least once a year. Seventy-two of 90 (80%) nursing managers stated that they attended hygiene training at least once a year. Twelve (5.8%) participants did not provide information.
Assessment of the hygiene situation
Hospital administrators were asked to assess the relevance of the problem of pathogen transmission in different areas of the German health care system (Fig. 2) . In the respondents' opinion, the problem of inpatient transmission (MV = 3.4) is more relevant than in the outpatient sector (MV = 2.9). The highest relevance was attributed to in the hospital (MV = 3.8, SD = 0.5), followed by stationary geriatric care (MV = 3.3, SD = 0.7) and rescue service (M = 3.2, SD = 0.7), rehabilitation clinics (MV = 3.1, SD = 0.7), doctor's practices (MV = 3.1; SD = 0.7), outpatient care (MV = 3.1, SD = 0.6) and in therapy practices (MV = 2.9, SD = 0.7). The problem of pathogen transmission through no formal care at home was considered less relevant than the other areas (MV = 2.3, SD = 0.7).
According to the breakdown in the hospital, the problem of pathogen transmission both in intensive care units (MV = 3.9, SD = 0.2) and operation theater units (MV = 3.8, SD = 0.5) was considered highly relevant, whereas in non-operative units (MV = 3.5, SD = 0.5) it was considered relevant.
The assumed effectiveness of measures to prevent pathogen transmission was assessed based on the 4-step scale: 1 = "very ineffective", 2="rather ineffective", 3 = "rather effective" and 4 = "very effective". Table 3 shows the results of the analysis. The presence of hygiene personnel (MV = 3.8, SD = 0.4), regular compulsory hygiene training of personnel with a focus on hand hygiene (MV = 3.8, SD = 0.5), inpatient screening in risk groups (MV = 3.6, SD = 0.6) and reprocessing of medical devices (MV = 3.6, SD = 0.6) were evaluated as very effective prevention measures. Outpatient screening for multidrug-resistant organisms (MDRO) (MV = 3.4; SD = 0.7), active involvement of patients and their relatives in infection prevention (MV = 3.3, SD = 0.7) and cooperation with research institutions (e.g., quantifying disinfectant consumption) (MV = 3.1, SD = 0.8) were considered to be rather effective measures to prevent pathogen transmission. The analysis of the relationship between the assessment of measures to prevent the pathogen transmission and profession showed a low correlation between the respondent's profession and evaluation of "cooperation with research institutions" (Cramer's V = 0.214), which was significant (p = 0.01). There was also a low correlation between the assessment of "active involvement of patients and their relatives in infection prevention" and the profession of the interview partner (Cramer's V = 0.199), which was significant (p = 0.02). The correlation between the assessment of t "hygiene training of personnel" and profession was also low (Cramer's V = 0.197), which was significant (p = 0.02).
Barriers to the implementation of infection control measures
The participants identified a number of factors which they felt hindered the implementation of infection control measures (Fig. 3) . Mean value comparisons of the items based on the 5-level unipolar Likert scale ("no barrier" to "very strong barrier") showed the greatest barrier to implementing infection prevention measures was lack of time on the part of the staff (MV = 4.1, SD = 0.9). The next most frequently identified barriers were small numbers of single rooms (e.g., necessary to isolate patients with multidrug-resistant pathogens, MV = 3.9, SD = 0.9) and the refinancing of infection control concepts by the financers of the German health care system (MV = 3.9, SD = 1). The latter comprise the statutory and private health insurance providers as well as the employers' liability insurance association. A low level of cooperation between the outpatient and inpatient sectors, especially regarding the exchange of information, was seen as a 
rather strong barrier (MV = 3.8, SD = 0.9), followed by lack of motivation (MV = 3.7, SD = 1.1) and lack of competence of the staff (MV = 3.7, SD = 1.1). Motivational problems of the employees after hygiene training (MV = 3.5, SD = 0.9) was rated as the weakest barrier. Depending on the hospital size (number of beds), the participants differed significantly in how they rated the refinancing of hygiene concepts as a barrier (KruskalWallis test, p = 0.01). For hospitals with less than 50 beds, the refinancing of the hygiene management is a lower barrier than for hospitals with 50 and more beds (Fig. 4) .
Medical (MV = 4.39) and nursing (MV = 4.04) managers rated the lack of resources as a larger barrier to the implementation of hygiene concepts than did administrative managers (MV = 3.76) did. Between nursing and administrative managers (p = 0.02, Dunn-Bonferroni test) as well as between administrative and medical managers (p = 0.002, Dunn-Bonferroni test), there were significant differences in the assessment of lack of time as a barrier. Between medical and nursing managers, there were no significant differences in the rating of this barrier (p = 0.76, Dunn-Bonferroni test).
Importance of patients and their relatives for hygiene management
The surveyed managers estimated that the hygiene behaviour of patients poses a greater risk of transmission of pathogens (MV = 7.08, 95% CI: 6.75-7.41) than the behaviour of their relatives (MV = 6.19, 95% CI: 5.84-6.53) (Fig. 5) . One hundred eighty-eight (91.2%) respondents stated that patient awareness of correct hygiene behaviour needed improvement (MV = 8.59, 95% CI: 8.34-8.83). Of the managers, 186 (90.7%; MV = 8.42, At the time of the survey, in 9 (4.5%) surveyed institutions, patients were not included in infection control. In 34 (16.8%) institutions, patients were only slightly involved, in 120 (59.1%) hospitals patients were partially involved, and in 40 (19.7%) of the institutions, patients were very involved in infection control. Overall, patients (MV = 6.48, 95% CI: 6.17-6.80) were involved more often than relatives (MV = 5.56, 95% CI: 5.21-5.90) in infection prevention at hospitals. One hundred eightyfive (90.7%) managers indicated that integrating patients could strengthen hygiene control (MV = 7.83, 95% CI: 7.57-8.08). One hundred seventy (83.3%) respondents felt that involving patients' relatives in hygiene management would improve the hygiene situation (MV = 7.43, 95% CI: 7.13-7.73). Managers were asked for their opinions on how hospital staff reacted when patients or their relatives pointed out instances inadequate hygiene. On average, hospital managers estimated that their staff responded slightly negatively to such information from patients or their relatives (MV = 5.0, 95% CI: 4.64-5.35 on a scale from 1 = "negative" to 10 = "positive").
Effectiveness, efficiency and willingness to change
An important factor in the implementation and realisation of hygiene concepts is the financing of the planned measures. Twenty-seven (14.6%) respondents indicated that hygiene measures in their institution are sufficiently refinanced by health insurance providers. In 158 (85.4%) institutions, the hygiene measures were not adequately refinanced by health insurance providers. There were no significant correlations between the items occupational group 
Discussion
The surveyed hospital managers saw the problem of pathogen transmission mainly in the inpatient sector, especially in acute care hospitals and stationary geriatric care. Barriers to the implementation of hygiene concepts were primarily perceived as lack of time on the part of the staff and refinancing by health insurance providers. The surveyed hospital managers assessed that the active involvement of patients and their relatives in infection prevention could strengthen hygiene control at their institution.
Infection prevention measures
The surveyed hospital managers evaluated the presence of hygiene personnel and regular hygiene training with a focus on hand hygiene as very effective for infection prevention. This reinforces the importance and need for hygiene personnel to prevent infection in the hospital. Today, these measures are standard in many hospitals. The German Hospital Structure Act (Krankenhausstrukturgesetz) strengthens the quality of hospital care and envisages targeted training and continuing education for hygiene professionals [12] .
A large number of studies have proven the effectiveness of admission screenings in battling the transmission of MDROs [13] [14] [15] . In our study, MDRO screening in risk groups and (pre-admission) outpatient MDRO screening for planned hospital admissions were found to be effective measures to prevent transmission of pathogens. Data from the German National Reference Center for Surveillance of Nosocomial Infections (NRZ) showed that more than 90% of MRSA carriers are detected upon admission to German hospitals (reporting period: January until December 2017) [16] . This shows that many patients take these pathogens to the hospital. The idea to implement pre-admission MDRO screening for outpatient results from this finding. Initial studies for the feasibility of outpatient MDRO screening in Germany and the related costs have already been published [17, 18] . Nevertheless, reimbursement of this outpatient service by the health insurance providers is currently not available in Germany [19] .
The active involvement of patients and their relatives in infection prevention has been proposed as an effective measure of preventing pathogen transmission. To date, however, this concept has scarcely been researched and must be seen as experimental. In the project "AHOI-Patients on Board", this approach has been systematically developed based on and the three-pillars strategy "adherence", "empowerment" and "acceptance". In the first step, patients are provided with knowledge of hygiene standards and shown how to translate them into their own behaviour (adherence). In the second step, because the patients are aware of the hygiene measures the staff are required to perform, patients are able to give feedback to the staff and, if necessary, to demand compliance with the hygiene standards (empowerment). The third step is to enable the staff to stimulate, appreciate and improve the participation and feedback of the patients and their relatives (acceptance). The feasibility of the approach of "AHOI -Patients on board" to actively involve patients and their relatives in infection prevention has already been shown [11] .
Solutions to overcoming barriers
Lack of time on the part of the hospital staff and refinancing of hygiene measures by the health insurance providers were rated as the strongest barriers to implementing new hygiene concepts by the hospital managers. The first barrier shows that new concepts must not increase the workload of the staff, but must be integrated into the workflow in the best possible way. Since 2013, a special hygiene program for hospitals has existed in Germany, financed by the health insurance providers [20] . From 2013 to 2019, additional funds have been available to hospitals for recruiting, training and developing hygiene staff. At the same time, funds for external consulting services and undifferentiated funding for the prevention of nosocomial infections have been provided according to the recommendations of the Commission for Hospital Hygiene and Infection Prevention (KRINKO) [21] . Starting in 2020, this hospital-specific subsidy for the special hygiene program will result in permanent supplementary financing for all hospitals by including it in the base rate of the German Diagnosis-Related Groups (DRG) system. By the end of 2017, approximately 87% of the eligible hospitals had used funds from the special hygiene program [20] . This program together with the increase in the base rate by supplements for hygiene tasks represents a solution for overcoming the barrier of refinancing new infection prevention measures. The effects are not yet known.
Importance of patients and relatives for the hygiene process
Little research has been done on the importance of patients and their relatives for the hygiene process in the hospital. Hygiene concepts that include an active role of patients in infection prevention require the support of the hospital management. Therefore, it is essential that hospital managers become acquainted with and evaluate the importance of patients and their relatives for hygiene process in order to build on this knowledge and develop appropriate preventive hygiene concepts.
The surveyed hospital managers evaluated the ability of patients and their relatives to assess the quality of hygiene as rather poor, and estimated that the knowledge of patients and their relatives about correct hygiene behaviour needs improvement. In order to enable patients to assess the quality of hygiene in the hospital, it is necessary to educate patients and their relatives about correct hygiene behaviour during their stay in the hospital. Our data show that respondents assessed that patients and their relatives would not or only partially be included currently in infection control. A large proportion of the interviewed hospital managers stated that the hospital's hygiene situation could be strengthened by involving the patients and their relatives. This emphasizes the great potential for intensifying the infection prevention concepts by involving these relevant groups of persons. Nevertheless, the inclusion of staff should not be forgotten. It is important that training be provided especially on issues such as the recognition and promotion of the patient as a partner in infection prevention. "AHOI -Patients on board" has developed a variety of informative materials and intervention tools for explaining hygiene-relevant behavior to patients and staff. These materials consist of information brochures, various reminders and video presentations for patients and their relatives [11] .
Role of hospital managers as power promoters
Based on our survey, we can state that hospital managers are well informed about the state-of-the-art of infection prevention irrespective of their profession. Consequently, it is likely that they take their managerial and legal responsibility for hospital hygiene seriously. They also seem to critically examine innovations, such as patient participation, and seem to weigh the pros and cons of these innovative approaches. Based on their conclusion that a shortage of funding is a major cause for not implementing innovations, we can also state that hospital leaders analyze the cost-effectiveness of innovations, at least intuitively.
Consequently, managers of German hospitals are capable of and willing to take on the role of power promotors for hygiene innovations if the innovation pays off or if the health insurance providers refund the additional costs. For the first case, hospital managers need sufficient information on the costs and savings induced by innovative measures [22] . This is sometimes not easy to calculate. For instance, the costs of involving patients and relatives can be assessed (e.g., printing posters, producing videos, training and motivating staff ), while the savings are difficult to predict (e.g., reduced infections, reduced lengths of hospital stay, improved demand for services due to better reputations). Theoretically, it is possible that the investment in this innovation pays off, but it would require intensive research to prove it.
If the additional costs of the innovative hygiene intervention concept do not pay off or savings are unknown, the additional costs of hygiene would have to be covered by the DRG system of the German health insurance providers. The DRG system is designed so that a hospital receives a certain amount for a patient irrespective of the investment in this patient, i.e., whether the patient receives an innovative hygiene intervention or not, the reimbursement will be the same [23] . Currently, a large number of German hospitals are not profitable and there is no potential for additional or increasing costs unless the health insurance providers refund these costs [24] .
Limitations
This study intended to provide a first assessment of hospital manager's attitudes towards innovative infection prevention concepts, a perspective that has been scarcely researched. The relatively low response rate may indicate that managers are not used to be questioned about infection control measures or do not realise that they are part of their expertise or responsibility. Since the survey was based on voluntary participation, it can be assumed that especially persons who are responsible for hygiene management or who are interested in the subject of hospital hygiene were more likely to participate than those who were not. The results therefore suffer from a certain grade of selection bias. Further, the risk of social desirability bias should not be neglected, but the utmost care was taken in designing the questionnaire to maximize the anonymity of the participant and his/her hospital in order to minimize the risk of being susceptible to social desirability [25] . Likewise, the possibility of not having to answer certain questions existed. As the survey was anonymous, no statements about the large group of nonparticipant hospital managers can be made. While the sample is too small solidly represent the population, our results are still the best estimate in this field so far. Overall, the study meets the quality criteria of objectivity, reliability and validity of quantitative research.
Conclusions
This study showed that new hygiene concepts are continuous challenges for hospitals and in particular for hospital managers. Regarding the problem of transmission of pathogens, hospital managers do not confine themselves to the hospital, but involve other participants in the health care system. Hospital managers are well informed about the state-of-the-art in infection prevention. To improve infection prevention and control, they are open to innovative hygiene interventions. In particular, they welcome active involvement of patients and their relatives. Financial and institutional barriers, such as insufficient funding of hygiene management and staff shortage in high-risk areas such as intensive care and surgery units, must be overcome. In conclusion, there is a necessity for comprehensive hygiene management that is constantly developing and open to innovative intervention concepts. 
